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INTRODUCTION

An understanding of the hormonal influences on growth aand differentiation in the
mammary gland is crucial to the development of preventative strategies and additional
treatments for breast cancer. Prolactin (PRL) is a hormone that has long been described
as promoting both growth and differentiation in the mammary gland and it has been
proposed that it is the coexisting steroidal environment that dictates which of the two
activities PRL displays (1). The hypothesis underpinning this grant suggests instead that
it is the different molecular forms of PRL that result in proliferation versus
differentiation. In the rat, which serves as our experimental model, two main forms of
PRL are produced, unmodified and phosphorylated PRL (2,3). We have made
recombinant versions of these two PRLs (4) to further test this hypothesis and to also
determine whether exposure to phosphorylated PRL brings about a degree of
differentiation that makes the gland refractory to carcinogenesis.

BODY

In the first 12 month period, we have conducted the first in vivo experiment designed
to determine whether the effects of the recombinant PRLs on the development of the
pregnant mammary gland were direct or indirect. These results are described in detail in
the attached manuscript, which is currently submitted for publication. Briefly, these
studies confirm our original observations that unmodified PRL (U-PRL) promoted ductal
and alveolar growth, while the molecular mimic of phosphorylated PRL (S179D PRL)
inhibited ductal growth and branching, promoted the formation of alveoli and promoted
differentiated function. Hormone assays and the conduct of additional experiments in
non-pregnant animals determined that the different PRL activities were independent of
progesterone, estrogen, corticosterone and placental lactogens. Funds from another
source also allowed us to determine that treatment with S 179D PRL was associated with
an increase in the short to long PRL receptor ratio ,which was itself positively correlated
with increased P-casein expression. It is likely therefore that differentiative function is
mediated through this switch in receptor ratios — see attached abstracts. This part of the
project is ahead of schedule with the manuscript already complete.

Also in the first 12 month period, we have begun the experiment to test whether
exposure to phosphorylated PRL is the key to the refractoriness to carcinogenesis brought
about by pregnancy. This experiment, utilizing NMU induction of ductal carcinomas, is
ongoing and it is too early to report the results. In this regard we are a little behind
schedule due predominantly to a problem during the Fall with the cells used for our
bioassay. We did not want to take the risk of starting a very expensive and time-
consuming animal experiment on the basis that our protein preparations were probably
good. We felt it necessary to be sure and hence had to wait until we could solve the cell
problem.

Pilot organ cultures have been tested to establish the technique in the laboratory and
we are now in a position to begin those experiments which were planned for the 12-21
month period of the grant.




KEY RESEARCH ACCOMPLISHMENTS

Establishment
That the different forms of PRL have different roles in the mammary
gland

e That unmodified PRL has a growth-promoting effect on mammary ducts which is
independent of progesterone, but which likely synergizes with the effect of
progesterone

e That administration of S179D PRL can inhibit the normal growth of the mammary
gland during pregnancy when a large amount of of ductal growth and branching
occurs

e That S179D PRL promotes differentiation, as evidenced by expression of the milk
protein, B-casein.

e That a switch from proliferation to differentiation is associated with an increase in the
ratio of short to long PRL receptors and that this may be key to the mechanism.

REPORTABLE OUTCOMES

1) 1 manuscript currently submitted for publication (appended) entitled
“pseudophosphorylated prolactin (S179D PRL) inhibits growth and promotes
differentiation in the rat mammary gland”

2) 2 abstracts/ presentations made at the Annual Meeting of the Endocrine Society,
Denver, CO, June 2001. The abstract entitled “ signaling and biological activity of
a molecular mimic of phosphorylated prolactin” was presented in a
symposium. This covered work supported by several grants over the years, but the
more recent work on the mammary gland was attributed to support by the
USARMC. The second abstract entitled “differential modulation of the expression
of the long and short form of the PRL receptor and f-casein by unmodified PRL
and a molecular mimic of phosphorylated PRL suggests that the short form of the
receptor does not act as a dominant negative for signaling resulting in -casein
expression” was presented as a poster.

CONCLUSIONS

The results thus far have solidified the hypothesis that phosphorylated PRL (and the
mimic,S179D PRL) can cause mammary gland differentiation. S179D PRL inhibits
ductal growth by promoting the premature formation of alveoli from terminal end
buds (equivalent to terminal ducts in humans). It is therefore possible that exposure to
phosphorylated prolactin in pregnancy is what affords refractoriness to carcinogenesis
and it may be possible to utilize the S179D PRL as a treatment to duplicate this effect
in women delaying their childbearing. These two possibilities are the subject of
experiments to be conducted in the next two years of the grant.
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ABSTRACT
In the current study, we have investigated the individual roles of

unmodified prolactin (U-PRL) and phosphorylated PRL in mammary
development. In the first two protocols, recombinant versions of the PRLs were
delivered to rats throughout pregnancy at a rate of 6 pg/24h/rat. In the second
two protocols, the same PRLs were delivered to non-pregnant females at a rate of
24 pg/24h/rat. Measurement of progesterone, corticosterone and estradiol showed
no effect of the administered PRLs on the levels of these other mammotropic
hormones in either protocol. Histological analysis showed U-PRL to cause ductal
and alveolar growth, while the recombinant molecular mimic of phosphorylated
PRL, S179D PRL, inhibited ductal growth and promoted the formation of alveoli.
Molecular analysis showed decreased B casein expression in the mammary glands
of the U-PRL-treated animals at term and increased f§ casein expression in the
mammary glands of the S179D PRL-treated animals. Superior B casein gene
expression in response to $179D PRL versus U-PRL was confirmed in HC11
cells. We conclude that U-PRL is important for growth in the mammary gland
while phosphorylated PRL, as mimicked by the administration of S179D PRL,
promotes differentiation.




PRL has long been described as a hormone important for both growth and
differentiation in the mammary gland, but its precise contribution to each of these
processes has proved difficult to ascertain. In part, this is due to complications
introduced into experimental protocols by the luteotropic action of PRL in rodent
models (1) and in part, in our opinion, it is because PRL has been thought of as a
single substance. In this study, we have used an experimental approach which
maintains the normal progesterone levels of pregnancy to test the effects of
increased unmodified PRL and phosphorylated PRL on mammary gland
development. PRL is produced in a variety of posttranslationally modified forms.
We have focused our attention on the individual biological roles of unmodified
PRL and phosphorylated PRL because a) these two forms between them
constitute 98-100% of secreted pituitary PRL in the rodent (2-4) which serves as
our experimental model, b) they have been demonstrated to have rather distinct
biological activities (5-10), c) the proportion of each released from the pituitary is
physiologically regulated (2,3), and d) phosphorylated PRL has been found in all
species thus far examined (reviewed in 11). Standard preparations of PRL, such
as those distributed by the NIDDK, contain a mixture of unmodified and
phosphorylated PRL (5,6). Any biological activity observed as a result of
treatment with these preparations therefore represents an aggregate activity
related to the relative proportions of the unmodified and phosphorylated PRL
present (5,6).

In order to determine the individual activities of unmodified and
phosphorylated PRL in the mammary gland, we have administered recombinant
versions of each to pregnant and non-pregnant animals, thereby altering the
normal ratio of the different PRL forms in the animal. In the case of
phosphorylated PRL, we have produced a molecular mimic, by substituting an
aspartate residue for the normally phosphorylated serine, thereby producing
S179D PRL (12,13). Aspartate mimicry of serine phosphorylation is used
extensively in studies of enzymes activated or deactivated by phosphorylation and
in several instances extensive structural analyses have confirmed complete three-
dimensional as well as functional mimicry (e.g.14,15). The recombinant wildtype
hormone is identical to unmodified PRL with the exception, like S179D PRL, of
an N-terminal extra methionine (13). The S179D PRL very effectively mimics
the naturally phosphorylated molecule by acting, like phosphorylated PRL, as an
extremely effective antagonist to U-PRL-induced Nb2 cell proliferation (5,13).
The most important reason to use the molecular mimic rather than the naturally
phosphorylated molecule is in order to prevent the possible interconversion of
phosphorylated PRL to U-PRL by body phosphatases. Even though this is a very
slow process (5,6), conversion would severely complicate interpretation of results.

We report very different activities of the two forms of PRL in the
mammary gland which are independent of any luteotropic effect. Thus U-PRL
promotes ductal and lobuloalveolar growth and S179D PRL inhibits growth and
promotes formation of alveoli and B casein gene expression.




MATERIALS & METHODS

Animal experiments

Thirty-five, 16-week-old virgin female Sprague-Dawley rats were divided
into 4 groups. Five rats served as non-pregnant controls, 10 rats as normal
pregnant controls, 10 rats as recipients of unmodified PRL (U-PRL) and 10 rats as
recipients of S179D PRL. Alzet minipumps (Alza, Palo Alto, CA) delivering 6
pg PRL/24h/rat were implanted subcutaneously the morning after vaginal plug
observation. This was considered day 0.5 of pregnancy. On day 6.5, blood was
obtained from the tails and collected into heparinized tubes. At term, dams were
separated from their pups for 20h prior to sacrifice to standardize the histological
appearance of the glands in each group. After sacrifice, the inguinal mammary
glands were dissected out, measured and processed for whole mount or
histological examination. Size was calculated by multiplying the length by the
average width by the average depth. In a duplicate experiment, blood samples
were taken from the tails on days 6.5 and 11.5 and from the trunk at day 19.5. No
animal was bled more than once from the tail in order to keep stresses during
pregnancy to a minimum. At the time of death (day 19.5 of pregnancy or day
21.5 shortly after pup delivery), inguinal mammary glands were snap frozen in
liquid N for later RNA extraction.

In a third and fourth experiment, non-pregnant females were treated with
24 pg of the PRLs/24h/rat for 4 days. At the time of sacrifice, trunk blood was
collected and the inguinal mammary glands were again processed either for whole
mount or regular histology.

All animal procedures were approved by the University of California,
Riverside campus Committee on Laboratory Animal Care and were in accord
with NIH guidelines.

Recombinant PRLs

Both recombinant human U-PRL and S179D PRL were produced and
characterized as previously described (13). Both proteins were expressed and
purified in parallel and were expressed at similar levels (13). The preparations
were then tested for their activity in an Nb2 bioassay. U-PRL promotes Nb2 cell
proliferation, while S179D PRL (like naturally phosphorylated PRL (5))
antagonizes this (13). The PRL preparations were concentrated to 1 mg/ml saline
using Amicon Centripreps (Amicon, Danvers, MA) and loaded into model 2004
(first 2 experiments) or 2001 (third and fourth experiments) Alzet minipumps.

Histological analysis

Mammary glands were fixed in periodate-lysine-paraformaldehyde
fixative (16) at 4 C overnight. The fixed tissue was dehydrated in a graded




ethanol series, cleared in Hemo De and then embedded in paraplast. Six micron
sections were cut and stained with hematoxylin and eosin.

For morphometric analysis of the glands from non-pregnant animals,
entire mammary glands were serially sectioned. Stained sections were viewed at
a constant magnification using a PAXIT® (Midwest Information Systems,
Franklin Park, IL) digital image system and the glands were measured on the
screen. Every duct and associated dense stroma was measured on each section.

For whole mounts, glands were spread on glass and then fixed in Carnoy's
solution (60% ethanol, 30% chloroform, 10% glacial acetic acid) for 60 min at
room temperature. They were then washed in ethanol and defatted overnight in
acetone. Defatted glands were then rehydrated and stained with carmine alum
overnight at 4 C, dehydrated and cleared in methyl salicylate before mounting.

Hormone assays

All steroid hormones were measured by RIA using a kit from Diagnostic
Products (Diagnostic Products Coat-a-Count, Los Angeles, CA). Progesterone
levels were measured in serum (trunk blood) or plasma (tail blood). Previous
work has demonstrated equivalent recognition of progesterone in rat serum and
plasma with heparin as the anticoagulant (9). All results presented in a single
table were produced in the same assay. Errors were therefore limited to intraassay
variation. The coefficient of intraassay variation for this assay was 6.7% in our
hands. Only trunk blood samples were assayed for corticosterone. As for
progesterone, all results in the table were produced in the same assay. The
coefficient of intraassay variation was 6.3% in our hands. Total estradiol levels
were measured in trunk blood. The coefficient of intrassay variation was 5.7% in
our hands.




Northern blot analysis for 3 casein gene expression

Total RNA was isolated from tissue or HC11 cells using the Trizol RNA
reagent (Gibco BRL, NY). The isolated RNA was treated with DNase I (Gibco
BRL, Gaithersburg, MD). Equal amounts of RNA (10 pg) from control and test
samples were loaded on a 1.0% agarose formaldehyde gel. The gels ran at 60 V
for 3-5 h. The RNA was blotted onto nylon filters (Micron Separations, Inc.,
Westboro, MA) by capillary transfer with 10X SSC and fixed by UV cross-
linking. The 201 bp probe used for hybridization was from a mouse f casein
cDNA PCR product. The primers were: 5'-CCC GTC CCA CAA AAC ATC C-3'
(forward); 5-ATT AGC AAG ACT GGC AAG GCT G-3' (reverse). Probe was
labeled with 50 uCi [OL—3 2P] dCTP (ICN Biomedicals, Inc., Costa Mesa, CA)
using a DECA Prime II™ DNA Labeling Kit (Ambion, Austin, TX). The labeled
probes were separated by ProbeQuant™ G-50 Micro Columns (Amersham
Pharmacia Biotech, Inc., Piscataway, NJ).

After 2 h of prehybridization at 65 C with the hybridization solution (25 M
Na,HPO,, pH 7.2, 1 mM EDTA, pH 8.0, 7% SDS), hybridizations were carried
out at 65 C for 16-24 h. The filters were then washed in alternating solutions of
20 mM Na,HPO,, pH 7.2, 1 mM EDTA, 5% SDS and 20 mM Na,HPO4, pH 7.2,

1 mM EDTA, 1% SDS for a total of 3 times in each. Filters were exposed to Fuji
medical x-ray film (Fuji Medical Systems, Inc., Stamford, CT) for 1-7 days at -70
C.

Probe-stripping was performed by heating the nylon filter at 95 C for 10-
30 min in a solution of 10 mM Tris-HCI, pH 8.0, 1 mM EDTA, 1% SDS. A
mouse 18S rRNA c¢DNA fragment (DECA template™-18S-mouse, 1212 bp)
(Ambion, Austin, TX) was used to normalize for errors in RNA loading and
transfer. A Kodak 1D Image Analysis System was used for quantification
(Eastman Kodak Co, Rochester, NY).

Effect of U-PRL and S179D PRL on B-casein gene expression in HC11 cells
RPMI 1640 basal medium (Gibco BRL, Grand Island, NY), which

contains 2 mM L-glutamine and 2 g/l NaHCO; served as a basal medium. HC11
cells were grown in RPMI 1640 growth medium containing 10% fetal calf serum
(Gibco BRL, Grand Island, NY), 5 pg/ml insulin (Sigma, St. Louis, MO), 10
ng/ml epidermal growth factor (Gibco BRL, Gaithersburg, MD), and 100 units/ml
penicillin, and 100 pg/ml streptomycin. Once HC11 cells became confluent, they
were grown for 3 more days in growth medium. The medium was changed daily.
On the third day post-confluency, the growth medium was removed and the cells
washed 5 times with RPMI 1640 basal medium. The cells were refed with
priming medium. Priming medium was RPMI 1640 basal medium supplemented
with 10% charcoal-stripped horse serum (Cocalico Biologicals, Inc., Reamstown,
PA), 100 units/ml penicillin, 100 pg/ml streptomycin, 10 pg/ml insulin and 1
pg/ml hydrocortisone (Sigma, St. Louis, MO). The cells were kept in priming
medium for 24h. The cells were then refed with induction medium. The




induction medium was priming medium to which 1 pg/mi of the appropriate PRL
was added. In the present study, cells were maintained in induction medium for 7
days and refed daily. The cells were collected for RNA isolation.




RESULTS
Pregnant animals
Gross observations

Treatment with U-PRL at 6 pg/24h/rat throughout pregnancy resulted in
glands that were 1.5 fold the size of those from the untreated, pregnant animals
(102 + 7 mm®, U-PRL; 67 + 5 mm’, control). Treatment with S179D PRL at 6
pg/24h/rat throughout pregnancy, by contrast resulted in glands that were 40%
smaller (40.2 + 4.6 mm®). As reported previously (8) the number of pup
implantation sites per animal was indistinguishable among groups.

Histological observations

Figure 1 shows equivalent sections of mammary glands from each group
of animals from the first experiment. Treatment with U-PRL resulted in larger
lobuloalveoli than the control pregnant animals, while treatment with S179D PRL
resulted in smaller lobuloalveoli than the controls. Even in the 40% smaller
glands of the $179D PRL-treated animals, the area occupied by lobules was
reduced. In other words, a greater amount of intervening connective tissue was
evident. This resulted in lactational failure in previous experiments where this
was monitored. A difference in morphological appearance due to milk
composition was also evident in the different groups. Thus U-PRL treatment
increased the number of lipid droplets, while S179D PRL treatment decreased the
lipid content and increased the apparent protein content of the milk.

Hormone levels

Table 1 shows progesterone levels to be unaltered by U-PRL or S179D
PRL treatment throughout pregnancy and estradiol and corticosterone levels to be
unaltered on day 19.5 of pregnancy.

B casein expression

Figure 2 shows the result of Northern analysis for B casein expression in
the day 19.5 and 21.5 samples. Combination of these two time points allowed for
sufficient samples for good statistical analysis. U-PRL treatment caused reduced
B casein gene expression while S179D PRL treatment caused an enhancement, the
latter result consistent with the morphology of the glands showing an increased
protein content. Because treatment with the PRLs was over and above the
animal's own lactogens and normalization to ribosomal RNA can be questioned in
glands with different epithelial to connective tissue ratios, we also examined the
effects of the two PRLs on B casein gene expression in the HC11 mammary cell
line. Figure 3 shows very clearly that S179D PRL is many fold more effective at
inducing B casein gene expression than U-PRL in the 7 day treatment period.

Non-pregnant animals




By performing similar experiments in non-pregnant animals, it is possible
to test whether the effects observed on the pregnant mammary gland were
secondary to effects on placental lactogens. In addition, we could ask whether
pregnancy levels of progesterone were required to observe these effects. Figure 4
shows the histology of mammary glands from animals treated with the PRLs at 24
ug/24h/rat for 4 days. Both PRLs caused mammary development by comparison
to the controls. However, U-PRL did this by promoting ductal growth and the
growth of the relatively small number of lobules already present. S179D PRL, by
contrast markedly increased the number of alveoli arising from smaller ducts.
The overall picture is best illustrated by the whole mount images shown in Figure
5. Morphometric analysis of serial sections showed the ducts of the U-PRL
treated glands to be 1.4 fold the diameter of the ducts in the S179D PRL treated
glands (Table 2). The width of the associated dense stroma was, however, the
same in both groups. Thus effects on ductal growth do not seem to be secondary
to proliferation of the associated dense stroma.

Table 3 shows no statistically significant effect of the two PRLs on
corticosterone or progesterone levels in these non-pregnant animals. Trends were,
if anything, towards equally reduced corticosterone and progesterone with each
PRL, i.e., towards an equal reduction in these other mammotropic hormones with
both treatments.

DISCUSSION

Administration of additional U-PRL had very different effects on
mammary gland histology from administration of S179D PRL. We can conclude
therefore that the effects are not due to a simple elevation in total PRL, but are in
fact specific to each form. Since there was no effect on progesterone, estradiol or
corticosterone, we can conclude that the effects observed are not secondary to
changes in these other mammotropic hormones. Similar effects in pregnant and
non-pregnant animals demonstrates that these effects are not secondary to changes
in placental lactogen. This was considered as a possibility because other
investigators have a) demonstrated that mammary gland development was related
to the number of developing pups (17), and b) because the levels of placental
lactogens are very much in excess of PRL in the later stages of pregnancy (18)
and placental lactogens are thought to function via the PRL receptor (19). Similar
effects in pregnant and non-pregnant animals also tells us that pregnancy levels of
progesterone are not required, although the current experiments do not address the
question of the necessity for some progesterone or promotion of the processes by
progesterone. Progesterone has been shown to upregulate PRL receptors on
rodent mammary epithelium (20) and hence is likely to make the system more
responsive to PRL in addition to having totally independent effects.

U-PRL significantly promotes ductal growth (as reflected in the diameter
of ducts) in only 4 days at 24 pg/24h in non-pregnant animals. This rate of
administration results in curculating levels of 200 ng/ml by day 4, although days
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1-3 have lower amounts as the PRL from the mini pump slowly equilibrates with
tissue and blood compartments (9). At only 6 pg/24h, or 50 ng/ml (9),
administered U-PRL results in a 50% increase in the overall size of the mammary
gland at term. Some of this size increase was due to growth of lobuloalveoli, but
some has to be the result of ductal growth in accord with the findings in non-
pregnant animals. Since the gland as a whole was still contained within the fat
pad, some general (as opposed to duct-associated dense) stromal proliferation is
likely to have occurred. A similar concentration of circulating S179D PRL
reduced the size of the mammary gland at term, i.e., it inhibited ductal growth and
branching. At least part of this inhibition is likely due to the premature
development of alveoli. Alveoli can be seen developing almost directly from
large ducts in Figure 4D and E, i.e., they appear to cap branch points and prevent
their further development. At the same time, S179D PRL promotes 3 casein gene
expression. However, because the gland is too small, insufficient milk is
produced to feed the pups.

When viewing the 3 casein expression data from the pregnancy
experiment, it is important to remember that the effect is caused by administration
of the recombinant PRLs over and above the rat's own PRL, which is a mixture of
unmodified PRL and phosphorylated PRL. Changing the ratio by increasing U-
PRL decreased 3 casein gene expression because it reduced the relative amount of
phosphorylated PRL which is a much better stimulator of 3 casein expression.
Thus the pregnancy data are concordant with the effects of the individual PRLs on
the HC11 cells.

From these results it appears that U-PRL promotes overall growth of the
mammary gland while S179D PRL, and presumably therefore phosphorylated
PRL, promotes differentiation. Until now the effects of PRL on growth versus
differentiation in the mammary gland were thought to be due to a change in the
steroidal environment between pregnancy and lactation. This certainly plays a
major role, but it is also clear that the forms of PRL are important. In regard to
the forms of PRL, we have previously shown an increase in the ratio of U-PRL to
phosphorylated PRL to occur during the latter two thirds of rodent pregnancy
when the mammary gland is growing (3). Just before parturition, there is a peak
of PRL (21) which is high in phosphorylated PRL (unpublished data) and
phosphorylated PRL is very high in colostrum and milk (22,23) and the majority
of PRL receptors are on the milk face of the mammary epithelium (24). Thus the
ontogeny of PRL forms during pregnancy and lactation is concordant with the
observed effects of the individual PRL forms on the mammary gland; first mostly
growth and then mostly differentiation.

Recent work utilizing a variety of mammary epithelial and stromal
transplant recombinations from the PRL receptor knockout mouse and the
progesterone receptor knockout mouse supports our findings of a role for a
lactogen in both ductal and alveolar growth, although the ductal growth was
deduced in these studies to be indirect via effects on progesterone (25). While the
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transplant studies show that progesterone plays a very important role in ductal
growth, the transplant studies were qualitative and not quantitative and could
easily have missed the additional contribution of PRL itself.

Our results showing effects of PRL on ductal growth without effects on
progesterone levels suggest a direct effect of PRL on the duct. This is very much
in keeping with the presence of PRL receptors in ductal epithelium (26).
Alternatively or additionally, PRL may act indirectly via the stroma, although it
is clear that the amount of dense stroma is not increased. Other investigators have
implicated epidermal growth factor (27), transforming growth factor f§ (28),
hepatocyte growth factor (29), insulin-like growth factor 1 (30) and vascular
endothelial growth factor (31) as stromal factors which positively influence ductal
growth. Rodent stroma, however, has been reported to be devoid of PRL
receptors that would be required to effect such an indirect stimulation (26,32,33).

The different effects of the two forms of PRL in the mammary gland are
probably the result of different signaling. These two forms of PRL have been
shown to initiate different signaling cascades in Nb2 cells (10). Studies are
ongoing to examine this issue in mammary cells.

In conclusion, we have clearly shown individual effects of the two forms
of PRL on the mammary gland. U-PRL promotes growth while S179D PRL
(pseudophosphorylated PRL) promotes differentiation. It is likely important that
both forms are present throughout development of the mammary gland. Excesses
of U-PRL might otherwise result in uncontrolled growth, while excesses of
phosphorylated PRL would inhibit necessary growth and cell replacement. The
proportion of U-PRL to phosphorylated PRL must change during development of
the mammary gland in preparation for lactation such that growth initially
predominates and is later superceded by differentiated function. A substance such
as S179D PRL which inhibits growth and promotes differentiation may have
potential in the treatment or prevention of breast cancer.
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Progesterone (ng/ml)

Estradiol (pg/ml)

Corticosterone (ng/ml)

Day
6.5

115
19.5
19.5

19.5

Control
374 + 37
369 £ 20
377 £23
15+1.3

138 £29

U-PRL
351+£20
380 +20
283 +£28
143+1

205 + 62

S179D PRL

323 +£28
389 +43
328+18
15.1£2

169 +22

Table 1: Levels of mammotropic steroids during pregnancy in the three treatment

groups.
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Duct Stroma Ratio (S:D)

U-PRL 11.18 + 1.4* 22.12+£1.56 1.98

S179D PRL 85+1.3* 2333+£1.95 2.7

Table 2. Duct diameters and associated stroma widths in cross sections in the 4
day treated non-pregnant animals. Numbers are in relative units. * indicates
statistically significantly different with p <0.05. All cross sectional views on 54
sections per gland were analyzed.
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Control U-PRL S179D PRL
Progesterone (ng/ml) 25218 14653 174 +£44
Corticosterone (ng/ml) 331+£85 280 £ 32 256 + 66

Table 3: Levels of progesterone and corticosterone in the 4-5 day treated non-
pregnant animals.
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FIGURE LEGENDS

Figure 1. Term mammary glands from each treatment group. A, control rats; B,
rats treated with U-PRL; C, rats treated with S179D PRL.

Figure 2. Northern analysis of B casein mRNA expression in mammary glands at
days 19.5 and at term. (n = 8 rats per group). CON, control rats receiving no
additional PRL. Differences among groups were analyzed by ANOVA and
individual posttests. *indicates significantly different from the control group. p <
0.05.

Figure 3. Northern analysis of p casein mRNA expression in HC11 cells in
response to the different PRLs. Differences among groups were analyzed by
ANOVA with posttests. *, p <0.001 versus control (CON) and U-PRL. n = five
separate experiments.

Figure 4. Non-pregnant mammary glands treated with the different PRLs for 4
days. A, control rats; B, rats treated with U-PRL, C, rats treated with S179D
PRL; D & E, higher magnification views of mammary glands from rats treated
with S179D PRL. Magnification A-C, 100X; D, E, 200X.

Figure 5. Whole mount glands from non-pregnant animals treated for 5 days with
the different PRLs. A, treatment with U-PRL; B, treatment with S179D PRL.
Note the fewer, but larger alveoli in panel A and the multiple smaller alveoli in
panel B.
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